Objective: To estimate the incidence and duration of cervical human papillomavirus (HPV)-6, HPV-11, infections in a population of young American women. Methods: The study population consisted of U.S. women who at baseline were 16 to 23 years of age, reported zero to five lifetime sexual partners, never having been pregnant, and never having had a prior abnormal Papanicolaou test and were enrolled in the placebo arm of a randomized multicenter clinical trial of a HPV-16 L1 virus-like particle vaccine. Women underwent type-specific endocervical/ ectocervical swab HPV DNA testing at f6-month intervals for up to 48 months of follow-up. To contribute persontime in the analyses of type-specific HPV incidence, a woman must have had at least three satisfactory swab specimens available and been negative for the relevant HPV type (HPV-6, HPV-11, HPV-16, or HPV-18) on her first two trial swabs. The duration of incident HPV infections was estimated using Kaplan-Meier survival analysis methods.
Introduction
Human papillomavirus (HPV) infection is the most commonly occurring sexually transmitted infection in the United States (1) . HPV infections can lead to cancers and precancers of the cervix (2), anus, penis, vagina and vulva (3, 4) , anogenital warts (5, 6) , and recurrent respiratory papillomatosis (7, 8) , with growing evidence for a role in the pathogenesis of cancers of the head and neck (9) . A diagnosis of HPV can lead to distress (10) , shame, and anger and negatively affect sexual activity and enjoyment (11) .
A vaccine targeting HPV-6, HPV-11, HPV-16, and HPV-18 (12) has recently been approved by the U.S. Food and Drug Administration, with a second vaccine targeting HPV-16 and HPV-18 also in development (13) . HPV-16 and HPV-18 have been observed in f70% of U.S. cervical cancer cases (14) , with HPV-6 and HPV-11 detected in >90% of anogenital warts (5, 6) and in 10% of low-grade cervical intraepithelial neoplasia (CIN; refs. [15] [16] [17] [18] . Data on the natural history of HPV infection are critical for policy evaluations of these and other emerging technologies (19) (20) (21) .
The present study describes the type-specific incidence, mean and median duration, and clearance rates of cervical HPV-6, HPV-11, HPV-16, and HPV-18 infections among U.S. young women enrolled in the placebo arm of a 4-year randomized double-blind clinical trial of a HPV-16 vaccine (22, 23) . Several previous studies have examined the duration or clearance over time of cervical HPV infections from other perspectives, with analysis of prevalent rather than incident HPV infections (or mixture of prevalent and incident infections; refs. [24] [25] [26] [27] [28] , aggregation of data across multiple HPV types (29) (30) (31) , and/or type-specific data for HPV-16 only (32) . Some analyses have featured follow-up of <2 years, which has generally been adequate for assessing clearance and mean duration of prevalent HPV infections (24, 27, 31) , but resulted in a greater degree of right censoring and potential underestimation in studies of incident infections (33) . Two prior studies with >2 years of postinfection follow-up have estimated the median duration of incident type-specific HPV infections; however, mean infection duration was not described (34, 35) . Data on the type-specific incidence of HPV infection in the United States are sparse, with data from the two prior studies conducted among women recruited in Arizona and Washington state yielding somewhat disparate results (24, 36) . Additional data on the incidence and mean duration of type-specific HPV infections from various perspectives can be of value to clinicians and patients as well as those conducting policy evaluations.
2,391 U.S. women who at enrollment were 16 to 23 years of age, nonpregnant, without a prior abnormal Papanicolaou test, and with no more than five lifetime male sexual partners. Virgins were enrolled if they were seeking contraception. Women in the placebo arm received i.m. injections of 225 Ag of aluminum adjuvant in a total carrier volume of 0.5 mL visually indistinguishable from vaccine.
Women underwent type-specific endocervical/ectocervical swab HPV PCR testing for HPV-6, HPV-11, HPV-16, and HPV-18 at f6-month intervals through 48 months of follow-up. At these visits, cervical samples were also collected for thin-layer (ThinPrep, Cytyc) Papanicolaou testing.
An algorithm was used to guide further evaluation for cytologic findings. A single Papanicolaou test result of highgrade squamous intraepithelial lesion, or repeated Papanicolaou tests showing low-grade squamous intraepithelial lesions or atypical squamous cells of undetermined significance, prompted colposcopy. Investigators were allowed to manage single atypical squamous cells of undetermined significance and low-grade squamous intraepithelial lesion results based on local standards of care, with some women referred for colposcopy. All women attending the month 48 trial visit were referred for colposcopy, with biopsy done if a CIN lesion was suspected. If more than one biopsy was obtained during colposcopy, then each tissue sample was processed separately. Cervical biopsy specimens were processed and assigned histologic diagnoses for purposes of medical management by central laboratory pathologists and were typed by PCR for HPV-6, HPV-11, HPV-16, and HPV-18 (37) . Women diagnosed with CIN grades 2 to 3 or adenocarcinoma in situ underwent loop electrosurgical excision procedure. Women with repeated biopsy diagnoses of CIN 1 were referred for therapy at the discretion of the physician.
HPV Testing Methods. The HPV testing methods used have been described in detail elsewhere (22, 23) . Briefly, cervical swabs were prepared for PCR using a QIAamp DNA Blood kit (Qiagen, Inc., Valencia, CA). DNA was analyzed by qualitative PCR using HPV-6, HPV-11, HPV-16, and HPV-18 type-specific and gene-specific primers based on the L1, E6, and E7 genes for these types (37) . h-Globin PCR assay was done to verify that purified samples contained a sufficient quality and quantity of DNA for PCR amplification. PCR products were dot blotted, hybridized to the corresponding 32 P-labeled h-globin or HPV-6/HPV-11/HPV-16/HPV-18 gene-specific oligonucleotide, and visualized by autoradiography. Appropriate negative and positive controls were run with each assay, and any specimen testing positive for at least two of the three genes was considered positive. Specimens testing positive for only one gene were considered positive if, on retesting, they were positive for two or three genes or the same single gene. Laboratory validation studies rigorously evaluated assay sensitivity against known copy number type-and gene-specific plasmids. The assay was shown to have a >95% probability of detecting at least 13 copies per sample, with 95% upper confidence bounds for sample false negativity and false positivity of 0.7% and 0.8%, respectively. All PCR assays were done at Merck Research Laboratories.
Measures. The type-specific incidence of HPV-6, HPV-11, HPV-16, and HPV-18 infections per 100 person-years was estimated. To contribute person-time to the analyses, a woman was required to have had at least three satisfactory cervical swab specimens available and to have been negative for the relevant HPV type (HPV-6, HPV-11, HPV-16, or HPV-18) on her first two trial swabs and any cervical biopsy specimens obtained on or before the date of her second swab. The selection of eligible enrollees for analyses of the incidence of each HPV type is illustrated in Fig. 1 .
For the purposes of this analysis, incident HPV-6, HPV-11, HPV-16, and HPV-18 infections were defined by a positive test for the relevant HPV type on at least one cervical swab or biopsy specimen. Because HPV testing occurred at discrete intervals (typically every 6 months), it is likely that a positive HPV test result observed on a particular date was preceded by an unobserved period of HPV positivity of indeterminate length. For the calculation of person-time at risk, it was therefore assumed that the HPV infection occurred at the midpoint between the initial positive test date and the previous negative test. Time elapsed following the point of incident HPV infection was not included in estimates of person-time at risk. For individuals testing negative for a specific HPV type throughout the trial, person-time was estimated through the time point of the last HPV test, rather than the trial conclusion date, as this was the last opportunity to observe a HPV infection.
The monthly duration of each incident HPV infection was examined from three perspectives (Fig. 2) . First, the time elapsed from incident infection until the clearance of a given HPV type, as measured by negative cervical swab specimen(s), was estimated. This ''clinical practice'' perspective describes most completely the course of each infection under the clinical management practices within the trial, without statistical adjustment for the treatment of disease. These data can provide insight into the actual duration of HPV infections in a screened population. Second, the time elapsed from the incident infection, until either the detection of a CIN grade 1 to 3 lesion testing positive for the relevant HPV type or infection Figure 1 . Sample selection criteria for analyses of HPV-6, HPV-11, HPV-16, and HPV-18 incidence. The final samples eligible for each type-specific analysis are represented within the bottom box, labeled by HPV type, reflecting placebo arm women negative on PCR testing for the relevant HPV type on the first two trial endocervical/ ectocervical swabs and any intervening cervical biopsies.
clearance, was examined. This ''health state'' perspective is consistent with how the duration of HPV infection is often conceptualized in cost-effectiveness models and other policy evaluations of technologies to prevent and diagnose HPV disease (19, 20) , where women may transition from a health state characterized by infection in the absence of clinically detectable CIN to clinically detectable CIN grades 1, 2, and 3. Third, the time elapsed from incident infection until infection clearance was analyzed, with censoring of infection duration at the time of treatment, if done. Given that treatment may eliminate infection (38) , by censoring on-going infections at the time of therapy, this ''natural history'' perspective can yield estimates more consistent with the duration of infection in the absence of treatment. This perspective can be useful for understanding the complete course of HPV infections as would be observed among unscreened populations.
Women were required to have two consecutive negative endocervical/ectocervical swabs for a given HPV type before the start of an incident infection. For consistency, if two consecutive negative swabs for that type were subsequently observed, the infection was assumed to have cleared.
Several women were found to have a positive HPV swab sample(s) for a given type followed by only a single negative swab, as of their last available sample. Among women with incident HPV-6 infections, 19 (18.4%) fell into this category compared with 2 (15.4%) with HPV-11, 16 (11.3%) with HPV-16, and 9 (14.5%) with HPV-18. Because these women lacked two consecutive negative swabs, some previous analyses have evaluated them as censored at the date of the negative swab (28) . However, this approach would be expected to considerably overestimate the actual duration of infection for these women because, in actuality, many would likely have cleared their infection around the time of their last positive swab and differ with respect to their subsequent course from women who were otherwise censored with a positive swab at their last trial visit. For instance, among 63 women with an incident HPV-6 infection followed by a negative swab sample, and at least one additional swab in the trial, only 2 (3.2%) had a nonnegative HPV-6 result on the second swab or a concurrent biopsy specimen. Similarly, for incident HPV-11 infections, the proportion was 0/6 (0.0%), for HPV-16 it was 8/76 (10.5%), and for HPV-18 it was 3/31 (9.7%). This would suggest that nearly all of the women with only a single negative HPV test at the conclusion of their trial follow-up would have previously cleared their HPV infections, and we therefore evaluated these women as having cleared their infections following their final positive test. Women observed to have had positive swab or biopsy specimens followed by a single negative swab followed by a swab or biopsy specimen positive for the same HPV type were analyzed as having persistent infections. Women with a positive test on the date of their final trial swab sample were evaluated as censored.
Consistent with previous studies (25, 32) , in the primary analysis, it was assumed that women acquired type-specific HPV infections at the midpoint in time between their most recent prior negative HPV test and their initial positive test and cleared infections at the midpoint in time between their final positive and their first subsequent negative swab tests. For women with only a single positive HPV test, this yielded a length of infection of f6 months. In sensitivity analyses, we explored the effect on results of selecting lower and upper bounds reflecting 50% longer and 50% shorter intervals for the estimated time from first positive HPV test back to incident infection and from last positive HPV test to infection clearance (e.g., among women with only a single positive HPV test, the lower and upper bounds would simulate approximately 3-and 9-month infections, respectively).
Statistical Analysis. HPV type-specific incidence rates per 100 person-years were estimated along with 95% confidence intervals (95% CI). The mean and median duration of HPV infections and the proportion of women clearing infections at 12, 24, and 36 months of follow-up were estimated using Kaplan-Meier methods (39) . SEs for the Kaplan-Meier survivorship function S(t) are typically estimated using Greenwood's formula:
where n j is the number surviving to the start of interval j and d j is the number of deaths during interval j (40) . However, when the survivorship function nears 0, SEs calculated using Greenwood's formula will lead to confidence intervals that overlap zero. Therefore, in these instances, confidence intervals in the present analysis were estimated using a log(-log) transformation of the survivorship function as described by Collett (41): SE½logfÀ logŜðtÞg ¼ 1 ½logŜðtÞ
These SEs were then back transformed to obtain confidence intervals using the formula: ðtÞ exp½Fz a=2 SElog½ÀlogðtÞ , where z a/2 is the upper a/2 point of the standard normal distribution.
Results
Among all 1,203 women enrolled in the placebo arm of the trial who underwent HPV testing at baseline, the prevalence of individual HPV types on endocervical/ectocervical swab PCR testing was as follows: HPV-6, 3.2%; HPV-11, 0.5%; HPV-16, 6.8%; and HPV-18, 2.6%. The combined baseline prevalence of HPV-6, HPV-11, HPV-16, or HPV-18 infections was 12.1%.
Baseline characteristics were generally similar across samples eligible for each type-specific analysis of HPV incidence, with sample sizes ranging from 895 to 995 women. The size of each sample was directly correlated with the baseline prevalence of the relevant HPV type. Approximately 41% of eligible women were between the ages of 16 and 19 years and the remainder between the ages of 20 and 23 years. By selfreported race, 74% were White, 16% were Black or Hispanic, and 10% were of other racial designation. Nearly 15% reported a history of pregnancy and 24% as being current smokers. Five percent reported being virgins, with 24%, 38%, and 33% reporting one, two to three, and four to five lifetime sexual partners, respectively. Table 1 reports incidence rates of HPV-6, HPV-11, HPV-16, and HPV-18 infections, per 100 person-years, among eligible women. Excluding the time covering the first two trial cervical swabs, women had an average of 3.0 to 3.2 person-years at risk for each HPV type. Of the four types examined, HPV-16 infection was the most commonly occurring (5.4 per 100 person-years) followed by HPV-6 infection (3.6 per 100 personyears). Women with incident HPV-6 (n = 103), HPV-11 (n = 13), HPV-16 (n = 142), and HPV-18 (n = 62) infections contributed a total of 675 unique sampling dates with a positive HPV test for the relevant HPV type. Of the 320 incident infections analyzed, 266 had at least one subsequent cervical swab result, with 59% of the latter group having multiple HPV tests positive for a given type versus 41% for a single positive test.
The duration and clearance of HPV infections, inclusive of the detection of CIN and treatment, are reported in Table 2 . HPV-16 infection was observed to have the longest duration (17.1 months), with the duration of HPV-6 and HPV-11 infections roughly one half that of HPV-16 and HPV-18. Adjusting the time point for the incidence and clearance of HPV infections from the midpoint to one fourth and three fourths of the interval between discordant tests resulted in lower and upper bound estimates for the duration of infection of approximately F3 months the mean duration estimated in the primary analyses. The mean duration of infection exceeded the median by 25% to 37% depending on HPV type. Whereas an estimated 70% of women were cleared of their incident HPV-6/HPV-11 infections within 12 months, only 40% of women cleared their HPV-16/HPV-18 infections over this period. By 36 months, nearly all women had cleared their incident HPV-6/HPV-11 infections, with 7.5% still infected with HPV-16 or HPV-18.
Given that a small proportion of infections were estimated to persist beyond the conclusion of the observed follow-up (3.8% of all infections), the mean duration of infection is underestimated for all types, except HPV-11, where ascertainment was complete. However, even for HPV-18, which exhibited the highest degree of persistence (9.0%) of the four types at 36 months, a sensitivity analysis suggests that the degree of underestimation may well be minimal. In the data, 62.5% of HPV18 infections persisting beyond 12 months cleared between months 12 and 24 and 60% of infections persisting beyond 24 months cleared between months 24 and 36. Assuming a similar 60% annual clearance rate for the 9.0% of infections persisting beyond 36 months, the estimated mean duration of HPV-18 infections (16.6 months) would increase by f1 month if the full duration of infections persisting beyond 36 months is to be added. For HPV-6 and HPV-16 infections, the increment would be considerably smaller. Table 3 displays the duration and persistence of HPV infections up to the time of detection of CIN grades 1 to 3 or clearance. The following numbers of women with incident HPV infections were observed to develop CIN positive for the same *Because the individual observation with the longest follow-up time was censored for the analyses of HPV-6, HPV-16, and HPV-18 infections, the mean duration of infection is underestimated. cThe lower bound for mean duration was estimated assuming that HPV infections began one fourth of the way between the initial positive test and the last prior negative cervical swab and ended one fourth of the way between the last positive test and the first subsequent negative cervical swab. For the upper bound, the cut point was changed from one fourth to three fourths, with the midpoint used for the primary analyses.
HPV type during the course of follow-up: HPV-6, n = 15; HPV-11, n = 0; HPV-16, n = 37; and HPV-18, n = 9. The mean durations of infections excluding persistence following the detection of CIN are generally shorter than estimates from Table 2 , which include infection progression to CIN. For instance, for HPV-16, the duration was roughly 20% shorter (13.9 versus 17.1 months). Virtually all women with incident HPV infections were observed to either develop CIN or clear the infection within 36 months (within 24 months for HPV-6/HPV-11).
Although women routinely underwent colposcopy at their month 48 trial visits, CIN diagnoses observed at earlier trial time points were based solely on biopsies done as follow-up for an abnormal Papanicolaou smear. Consequently, among women diagnosed with CIN, it is likely that the actual period from incident infection to initial CIN development is shorter than that based on the actual date of detection. Although it is not possible to determine the exact time of development of clinically detectable CIN, a sensitivity analysis was conducted in which the time from incident HPV infection to CIN development was reduced by half for women with HPV-16, representing the infection group with the largest proportion of women developing CIN. This resulted in a minor decrease in the estimated mean duration of HPV-16 infection across all infected women (12.5 versus 13.9 months).
Few women who were HPV-6, HPV-11, HPV-16, or HPV-18 positive at the time of the month 48 trial visit, and underwent routine colposcopy at month 48, had clinically detectable CIN. For instance, among women with HPV-16 infection on endocervical/ectocervical swab (n = 45), four (8.9%) were found to have CIN on colposcopically directed biopsy. Similarly, among women with HPV-6 (n = 16), HPV-11 (n = 5), and HPV-18 (n = 21) infections at month 48, two (10.0%), zero (0.0%), and three (14.3%), respectively, were found to harbor CIN.
An additional sensitivity analysis was conducted to examine the effect of not distinguishing between HPV infection and .7-18.9) for HPV-18. The mean duration of HPV infections where CIN 1 was diagnosed (16.9 months) was longer than for HPV infections without histologic diagnosis of CIN (12.9 months; P = 0.0008). Table 4 reports the duration and clearance of HPV infections, with censoring of infections at the time of treatment, where done. During the period of their on-going infections, 2 women with HPV-6 underwent treatment for a CIN lesion compared with 1 with HPV-11, 14 with HPV-16, and 3 with HPV-18 infections. The mean duration of HPV infection from this perspective was 1% to 6% longer, depending on the HPV type, than when infection duration was not censored at the time of treatment (Table 2) .
Among 
Discussion
This study has reported the type-specific incidence and duration of cervical HPV-6, HPV-11, HPV-16, and HPV-18 infections among young women. Unique features of the analysis have included the examination of the duration and clearance of HPV infection over time from multiple perspectives (clinical Table 3 . The monthly duration and persistence of HPV-6, HPV-11, HPV-16, and HPV-18 infections up to the time of diagnosis of CIN or clearance *Because the individual observation with the longest follow-up time was censored for the analysis of HPV-18 infections, the mean duration of infection is underestimated. cThe lower bound for mean duration was estimated assuming that HPV infections began one fourth of the way between the initial positive test and the last prior negative cervical swab and ended one fourth of the way between the last positive test and the first subsequent negative cervical swab. For the upper bound, the cut point was changed from one fourth to three fourths, with the midpoint used for the primary analyses. practice, health state, and natural history) and longer follow-up than prior studies estimating the mean duration of incident HPV infection (27, 33) , allowing for more complete ascertainment. Excluding studies in recognized high-risk (e.g., women infected with HIV) or specialized (e.g., women first initiating sexual activity) populations, relatively few prior analyses have described the type-specific incidence of HPV infection in the U.S. population. In a smaller study, with f200 total personyears at risk, Giuliano et al. (24) reported incidence rates (converted to per 100 person-years) for HPV-6 (1.0), HPV-11 (1.4), HPV-16 (7.1), and HPV-18 (1.0) among women ages 18 to 35 years attending a Planned Parenthood clinic for routine gynecologic care in southern Arizona. A second study, among female students ages 18 to 20 years attending the University of Washington (n = 553), with >800 person-years at risk, reported incidence rates (converted to per 100 person-years) for HPV-6 (3.9), HPV-11 (0.5), HPV-16 (5.5), and HPV-18 (2.1) virtually identical to those estimated in the present study (36) . One additional U.S. study has reported the cumulative incidence of type-specific HPV infections over time (34) . With women enrolled from 16 academic centers from across the United States, the study population in the present analysis is more geographically diverse than that of prior analyses of HPV incidence. However, similar to earlier studies, it does not reflect a nationally representative sample of the population. Thus, the present study includes fewer women with the lowest and highest numbers of lifetime sexual partners compared with the general U.S. population. Nonetheless, the baseline prevalence of HPV-6, HPV-11, HPV-16, and HPV-18 infections was observed to be relatively similar to that obtained from a nationally representative sample of 18-to 25-year-old U.S. women (43) .
Although populations may differ across studies, the high incidence of HPV infection among young women is a common theme with, for instance, a cumulative 2-year incidence of HPV due to any type among university aged women of 39% to 43% and for HPV-16 of 7% to 10% reported in prior analyses (34, 36) . U.S. data comparing the type-specific incidence and duration of HPV infection among women at different ages are generally unavailable and constitute an area for future research.
Several studies have reported the type-specific median duration of incident HPV infections from a perspective most similar to the natural history perspective in Table 4 . Using cervicovaginal lavage specimens and a 6-month testing interval, Ho et al. (34) estimated median durations of incident HPV-6 (6 months) and HPV-18 (12 months) infections that were similar to those reported in this study, with a comparatively shorter duration for HPV-16 (11 months). In contrast, based on testing of cervical smear samples taken at 6-month intervals, Woodman et al. (35) reported a relatively longer median duration of incident HPV-6/HPV-11 (9.4 months) infections and a relatively shorter duration for HPV-16 (10.3 months) and HPV-18 infections (7.8 months). Results obtained by Richardson et al. (33) and Xi et al. (32) were generally more consistent with the present analysis. The former study collected samples using an Accelon cervical biosampler with a 6-month testing interval, whereas the latter used cervical and vulvovaginal swabs and a 4-month testing interval. Subjects in each of the preceding studies were U.S. female university students, with the exception of the analysis by Woodman et al., which was conducted among women ages 15 to 19 years attending a center for sexual and reproductive health in the United Kingdom.
The mean durations of incident type-specific HPV infections have not generally been reported in prior analyses, with the lone exception being abbreviated estimates from a study with <2 years of follow-up after infection (33) . In the natural history perspective of the present study, a substantial proportion of HPV-16 and HPV-18 infections were observed to persist beyond 2 years, with more than half of these estimated to resolve between years 2 and 3. A consistent finding across all analyses was that the mean duration of incident HPV infection exceeded the median duration, with the differential varying from 15% to 40% depending on the HPV type and perspective adopted.
Prior studies of the course of incident type-specific HPV infections (32) (33) (34) (35) have not examined infection duration from a health state perspective. This has represented a gap in the literature, as data from this perspective are particularly needed for cost-effectiveness models and other policy evaluations of technologies to prevent and diagnose HPV disease, which typically consider HPV infection without progression to clinically detectable CIN as a separate health state from that of clinically detectable CIN grades 1, 2, and 3 due to HPV (19, 20) . In this study, the mean duration of HPV-16 infection was observed to be >30% higher when evaluated from the natural history perspective than when infection alone was evaluated as a separate health state from CIN due to HPV-16. Differences in duration were of a lesser magnitude for other HPV types evaluated. As some natural history models used in policy analyses have modeled persistent HPV infection in the absence of CIN as a separate health state from transient infection (44) , it is also interesting to note that persistent HPV infections without detected CIN were generally not found to exist beyond 18 months for HPV-6 and HPV-11 infections or beyond 36 months for HPV-16 and HPV-18 infections.
Our study has several potential limitations. First, similar to prior studies of HPV infection duration, it is possible that a proportion of infections of shortest duration would be missed by the analysis testing interval, which would tend toward overestimating infection duration (34) . A trade-off may exist, however, in that increasing numbers of false-positive test results in studies with relatively more frequent testing would tend toward underestimation of mean duration.
Second, consistent with previous natural history studies of the duration of incident type-specific HPV infections (32, 33, 35) , women with high-grade or otherwise persistent CIN were referred for treatment. Although these women were evaluated as censored at the time of treatment in the natural history analysis, it is possible that the subsequent course of their HPV infections differed from those of women with HPV infections of similar duration not undergoing treatment. Informative censoring of this type could potentially lead to an underestimate or overestimate of infection duration in the natural history analysis of this and other prior studies.
Third, because of the additional censoring at the time of treatment, the natural history analysis estimate of mean infection duration for HPV-16 (14.7% persisting at the conclusion of follow-up) is likely to be underestimated by at least a few months. The degree of censoring is likely to be much less of a concern for the other analyses as described in Results.
Fourth, estimates from the clinical practice perspective are reflective of infection duration under the screening and followup practices occurring in the trial. Results may vary somewhat in other settings to the extent that women are managed more or less aggressively. However, with most infections not resulting in clinically treated CIN, the degree of variation may be relatively modest, as the mean infection duration estimated from the clinical practice perspective only differed by 1% to 6%, depending on the HPV type, from that in which no treatment was assumed.
Finally, some prior analyses of HPV natural history have censored women before the point of CIN treatment, such as at the time of initial colposcopy/cervical biopsy (32, 33). We instead elected to censor women at the time of treatment in the natural history analyses, as a randomized clinical trial of women undergoing no biopsy, central biopsy, and peripheral biopsy at baseline found no difference across groups in change in lesion size at 6-week follow-up, with colposcopic and histologic confirmation of CIN grade 1 to 3 persistence (45). This allowed for more complete ascertainment of infection natural history, particularly in instances where treatment was not subsequently done.
This analysis has estimated the type-specific incidence and duration of cervical HPV-6, HPV-11, HPV-16, and HPV-18 infections. The development of type-specific HPV vaccines and HPV DNA tests has amplified the need for descriptive data on HPV infection for policymakers, physicians, and patients. Through assessment of the duration of HPV infection from clinical practice, health state, and natural history perspectives, the results of this analysis can be useful for a variety of purposes.
